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California. This becomes reasonable when one con- 
siders the great difference in nornial pressure esisting 
between the Pacific Ocean off California and the interior 
of California and the lower Colorado valley. All the 
minor disturbances of the summer months are lost on 
the slope of this great baric gradient. 

Seven high- ressure areas were charted, three of the 

and Hudson Bay types. 
so-called Nort % PacSc type and two each of the Alberta 

FREE-AIR SUMMARY. 

By L. T. SAMUELS, Meteorologist. 

A noticeable feature of the mean free-air temperatures 
for the month was the difference in their variation from 
the normal over the various sections of the country. 
(See Table 1.) This characteristic was also pronounced 
at the surface as is shown by tshe Climatological Chart 111. 
At most stations the de artures did not change appre- 

consistent change from iiemative to positive occurred, 
becoming greatest at the Righest level. This relation 
conforms closely with the increasin southerly component 

suilace to the highest altibude. (See Table 2.) During 
the heat waves which prevailed in the latter half of the 
month it was found that the free-air temperatures were, 
as a rule, roportionally high with respect to their 
normals, ant; in practically every case deep southerly 
winds prevailed from the surface to the highest levels. 

Relative humidities averaged mostly in excess of t.heir 
normals but the departures were ractically all less than 

vations are as yet too dezcient in number to obtain 
reliable normals. The vapor pressures also averaged 
mostly above their normals for all stations escept Ellen- 
dale. 

In  Table 2 are shown the resultant wind velocities and 
directions for the month and their normals. At Ellen- 
dale, Drexel, and Due West the southerly component es- 
ceeded the normal amount as did the resultant velocities 
at  these stations. At the other stations, however, there 
was but little difference between the means and the 
normals. 

At this season of the year, owing in part to the increase 
in the number of daylight hours in the higher latitudes, 
the horizontal temperature gradient from the ec uat,orial 

esists in winter. This condition results in an abute- 
ment of the strong up er winds characteristic of the iatter 

treniely light to great heights. In fact, easterly winds 
are often then found to estend to the stratosphere. In 
general these conditions occur most frequently at the 
southern stations as is found this month. As an illus- 
tration of an exceptionall light wind extending from the 

tion of the 22d from Royal Center is cited. This velocity 
varied from practically calm to 3 ni. p. s. but never ex- 
ceeded this amount even to this height. At Broken 
Arrow on the same day the balloon was followed with 
two theodolites to a hei lit of 9,600 meters ancl from that 
altitude by one tlieodogte to 20,300 meters. The wind 
was south from the surface to 10,000 meters where a shift 

ciably with increasing a r titucle. At Dresel, however, a 

in the resultant wind found at t 5 at station from the 

10 per cent except in the himhest P evels where the obser- 

to the polar regions beconies decideclly smal i er than 

season and instead t P lese winds frequently continue es- 

surface to 9,000 meters a E ove, the pilot-balloon observa- 

to west and northwest occurred, remaining so to 15,000 
meters, above which it backed steadily becoming south- 
east at the highest altitude. The velocity at the surface 
was 9 m. p. s. decreasing to practically calm at 10,000 
meters where the shift occurred, then increasing sharply 
to 16 m. p. s. at 12,000 meters, above which it averaged 
about 10 m. p. s. 

An unusually high two-theodolite observation was 
obtained at  Groesbeck on the 6th when the balloon was 
followed for 67 minutes reaching a height of 13,000 
meters. Strong winds of 30 m. p. s. from the northwest 
were found at this hi h altitude. 

kite hght  at  Broken Arrow on the 6th 

station. The storm lasted about one hour and a second 
kite flight was made immediately after the rain stopped. 
Both flights attrtined slightly more than 3,500 meters’ 
altitude and are, therefore, of special interest since they 
show the free-air conditions just preceding and followin 
a t pica1 convection thunderstorm. The general win 
&if% at the surface was from the south but durin the 
storm this chan ed to northerly becoming sout%erly 

lapse-rate off the suilace during the morning nearly 
equalled the acliabatic r:tte for dry air, indicatin 
tions favorable for convection ancl supporting t iunder- 
storm development. The winds above 1,000 meters had 
tt reater west component d te r  the s t o m  t.han they had 
be 7 ore and were of n slightly higher velocit . The other 
elenients such as temperature, rehtive {umidity and 
vapor pressure resumed practically their former state. 
There wns discernible, however, in the second flight a 
consistently higher temperature to 2,500 meters and a 
corresponding1 lower relative humidity. The small 

the thunderstorm, originating in some ot er locality, 
was merely carried over Broken Arrow by the u per wind 

resume their former state. 
The following pertinent note by the official in charge 

of the Dresel station relative to a series of kite flights 
made on t.he 30th and 3lst is of interest in connection 
with flights made during thunderstorm conditions : 

The weather waa generall cloudy and at times threatenin during 
the daylight houw and for $e moat part clear in the night. s ine#  of 
showers paRsed t,he &ation at intervals tc, the east and the west moving 
from south to  north. Eventually light showers passed over the station 
during t,he last flight, thunder began imniediat.el after the fight, and 
a light drizzling win set in a few hours later. &e showers evident,ly 
were the development of clouds of a convectional nature as a chrrac- 
teristic of the weather throughout the week has been cloudy and 
thrcatening weather by day and generally clear weather at night. 

A decidedly large lapse rate as well as generally hi h 
humidity was apparent throughout t.he entire series. Tie 
general wind direction during the series remained mostly 
south from the surface to the hi hest levels reached 

ciable increase as the series progressed. The temperature 
above the surface showed practically no change during 
the series and the moisture content varied with the 
changos in cloudiness. 

The following from Broken Arrow appearing on the 
kite flight of the 6th is of interest: 

La e oil fire a t  N7est Tulsa; smoke topped by cumulus cloud. Fire s t h d 3  by thunderstorm during morning. 

The morni 
was complete 3 just as a thunderstorm broke at  that 

8 
again ininiediat.e k y after the storm. The temperature 

7 

1 change in the fy  ree-air conditions would be ex ected, since 

and once having passed, the elements woul i quickly 

(3,500 meters). The ve1ocit.ies alo P t showed an appre- 
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TABLE l.-Free-air temperatures, relative hzcniiditics, aiid vapor prrssztres 

diiring Jum, 1928. 
TEMPERATURE ("C.). 

TABLE 1.-Free-air tt-naymatitrm, relatizv hic.naiditiee, and snpor premire 
diinnq Jitiu, 192S-Continiiod. 

VAPOR PRESSURE (mb.). 

I . I--) . I I 

24.8 +0.2 
24.7 +0.2. 

21.3 +0.5 
19.9 +o. 5 

14.5 +1.0 

5.3 + a 7  
2.2 + a 6  

- 2 0  -0.4 

229 + a 4  

1 8 7  +0.7 
17.4 +as 
11.4 + a 7  
a4 +ai 

Surface. - m... ... m... ... 
750.. .... 
1m. .... 
l$Xl..... 
2 m. ._. . 
3.500. .... 
4,m.. ... 
4m. . .  .. 
5:oOO ......I I -6.01 +0.1) 1 ......I I 

Sm.. ... 
2'600.. ... 
bm.. ... 

...... ...... ...... ...... ..... ...... ...... ...... I -4.11 -2.1 

%.si + L O  23.4 -0.2 
25.71 +o.s 3.1 -0.2 
B.41 +0.4 20.3 -0.3 
21.S +0.3 1Y.O -0.6 
20.5 +0.3 lli.0 -1.0 
19.3 + a 4  14.3 -1.2 
1S.3 +0.7 12.9 -1.1 
10.1 +I o 10.5 -0.s 
13.71+1:~' 8.1 -0.4 

~ ~~~ 

RELATIVE HUMIDITY (<'I. 

I 

Be(era.. 
!Eo...... m...... 
750. ..... 
lo00 ..... 
2m ..... 
1'2 m... .. l:m ..... 
2'500.. ... 
3'000.. ... 
3' m... .. 
r'm.. ... 
4'500.. ... 
5'pw ...... 

77 +3... 
77 +3 
77 +3 
76 +3 
72 0 
Gs -2 
60 -1 
01 +5 
Go +5 
60 +G 
58 +7 
72 +23 ............ 

......... 
7.5 +10 
7s +9 
72 +i 
72 +7 
72 +9 
G9 +9 
59 + I  

51 

78 +i 54 
73 +5 
67 +2 43 
57 +3 43 
58 +1B 34 ......... 35 

I 

__ 

...... -31 

-SI 

+t 
0 

-1 
-5 

-SI -il 
-17;. . 
-16.. 

I 

........... ........... 

49 -3 
1s 0 
4.3 +4 
4s +19 
52 +25 ............ 

..... 
SOU.. .... 

.... ..... 

:$.ooO ..... 6.20 + O . i G i  
;I,XIJ _.._. 1.94 +n.w 
4.wl ..... 3.m +O.Byi  
A,!. mi... .. 
5 . m  ................. 

24.12 +0.65 

12.10 +O. 57 16.10 +O. 84 
10.19 -0.02 14.01 +O. 67 

8.5s +O. 32 
7.97 -0. 21; in. 90 +o. 52 
ti. 13 -0.51 

1.26 -1.41 

19.25 +1.01 
19.10 +I .  08 
17.20 +l. 36 
15.60 +l. 14 
14. IN +O. 77 
12. 50 +o. 35 
l0.W +0.01 
8. 05 -0.11 
5.41 -0.02 
4.12 +o. 30 
2.94 +O.G2 
2.@4+1.91 
2.51 +2.% 

......I ...... 
l I I I ! I I I I I I I  

TABLE 3.-Frm-air resultant witids (m. p .  8 . )  dii.ring June, 19%. 

Broken Arrow, Okla. Drexel, Nebr. GroesLmk Tex. 1 ROJr8lceIIteP;TUd. 
(233 meters.) (396 meters.) (217 me&.) (141 met&.) (215 metcrs.) 

- __---___ 
Mean. [ &year mean. Mean. I &yew mean. Mean. [ %year menn. I Mean. I &yew mean. Mean. I Fryesr m e n  1-1 I Altitude, 

w) ......... s.3-w. 
500 ......... 8.80 w. 
750 ......... 9.110 w. 
1,000.. ..... 8.W w. 
1250 ....... s.!ww. 
1:500.. ..... s. 260 w. 
2,000.. ..... 5.350 w. 
2,500. ...... 9.38' W. 
3,000. - ._. . - 5.420 w. 
3.500 ....... s 480 w. 
4.m ....... s : a  w.1 
4,500 ....... S.3ZD W 
5,000 .......I w. *I 

I 
l . i 18 .W 
... .Is. 480 
2.3's. 4s- 
3 5ls.470 
4: 1!8.51° 
4 38S.550 5: 01s. t i io 
6 0 ' S . W  
7: 11s. 790 
8. 5iS. SIo 

s.4 w 
IS. 81.. ... 

W. 2.4 K i i "  w. 2.4 s.750 w. 2.8S.7P 
W. 3.4;J.il" w. 3.6S.iIO w.: 4.4s.720 
W.1 5. 4 J. Xio 
1v.m 7.3 3.850 
W.! 6.1 r?. w,* w.' 7.8S.W w./ 9 . i d . t i t i o  
W.11.9S.69~ '. 17.i N.72 
.... 1 ............. .... ........ 

3.88. lio E. 
4.8 8.16" E. 
l i . O S . i D  E. 
7.28.3O E. 
7.1 8.10 m. 
i.6S.4° W. 
i.28.60 w. 
6. Y S. 7O W. 
6. S 5. 12O W 
6.3 S. 14O W 
6.3S.So W. 
7.6S.P W. 
7.2 S. 16O E. 

----I-.--.-- 

t'el.1 Dlr. 1Vel.l Dlr. p. 

T H E  WEATHER ELEMENTS. 
By P. C. DAY, Meteorologist,, in Charge of Division. 

PRESSURE ANI1 WINDS. 

The atmospheric circulation during June, as in the 
preceding month, and as may be espectecl in the wariner 
months of the year, was without sudden and important 
variations, and cyclonic and anticyclonic activity were 
both at  a low ebb c h i n  much of the month. While t,he 

glateau districts, the c clonic disturbances originntinw 

on account of rather persistent, thou h moderate, 

southeastern districts. 

ressure was frequent k y low over the Mountain and 

there were mainly unab I? e to advance far to the ea.stwarr$ 

anticyclonic conditions over the centra E: valleys and 

One of the most iinportnnt cyclones of t,he month, 
thou-gh not well defined, but accom anied by widespread 

part of the first decade. Heavy falls of rain accompanied 
this storm local1 in the central valleys and park of the 

scattered showers. As this disturbance was passing o 
the North Atlantic coast another rather iniportant 
c clone develo ed over the Southwest, and moved 

coasts by the 13th. This was likewise attended b wide- 
spread recipitation, though the notably heavy f J 1s were 

eastward. At Wichita, Kans., a 24-hour fall of nearly 

precipitation, iiioveil slow1 from t P le western mountain 
regions eastwnrcl to the At, r autic coast during the iniddle 

tF East, though t E e Southern States had usually on1 

s iy owly eastwar$ reaching the Middle and South Atlantic 

confine 8 mainly to the districts froni the central Plains 


